Background: Economic loss due to diseases is a major problem in aquaculture. A number of bacterial illnesses may arise from the consumption of sea food that has been contaminated at source or during the processing. This study aims to isolate and characterize some bacteriophages specific for the most common sea food pathogens in addition to their associated bacteria. The work also extended to study the host-phage interaction and the potential use of phages as antibacterial agents to control sea food infecting pathogens. Materials and methods: Estimation of Vibrio spp and Aeromonas spp. in addition to their associated phages in different sources of sea food such as fish (Tilapia sp.), clam (Tapes decussatns) and crab (Callinectes sapidus) was carried out. Results: Crab exhibited the highest counts (200 CFU/g) of Vibrio spp., while the highest counts of Vibriophages (1500 PFU/g) were detected in clam. Fish harbored the highest counts (30 CFU/g) and (3000 PFU/g) of Aeromonas spp. and Aeromonas phages, respectively. Three different phages (VPS1, APS2 and APS3) in addition to the isolated bacteria were characterized. Results showed that VPS1, APS2 and APS3 were different, which was confirmed by molecular characterization using RAPD-PCR and the protein profile. APS3 was entrapped into calcium alginate beads and tested as antibacterial agent against Aeromonas hydrophila. Efficiency of APS3 was superior to the free particles (p<0.05) and realized 2.7 fold decrease in bacterial growth rate. Phage seeded beads were recycled for 7 successive cycles. Their activity was reduced up on reuse. Recommendations: This study revealed that phages remain an excellent potential tool for control of bacterial pathogens. Further research and manipulation of the isolated phages could produce novel effective biocontrol agents of sea food infectious diseases in marine aquaculture systems
INTRODUCTION
of the total food-borne outbreaks; most of them are from bacterial infections. (1, 2) The microbiological flora in the sea food haemorrhage which leads to loss of yield and quality of fish after infection. (6) Aeromonas hydrophila, the most common bacterial pathogen in fresh water fish, has been recognized to be the etiological agent of many pathological conditions, including tail rot, Aeromonas septicemia and epizootic ulcerative syndrome.
Control of diseases in aquaculture was dependant on the use of chemical compounds, which resulted in the development of antibiotic resistance and its transfer among cells through plasmids or bacteriophages. Therefore there is an urgent need to have alternative tools for pathogen control in aquaculture. (8) Bacteriophages are bacterial viruses extremely abundant in nature and believed to be important in controlling bacterial populations in natural systems. (9) Phage therapy may represent a viable alternative to antibiotics to inactivate pathogenic bacteria. (10) To find the ecological impact of marine phages on bacterial populations, it is necessary to carryout a detailed study of their diversity and host specificity. Also, virus-host interaction provides model systems to determine the effect and activity of the phage infection on the structure of the natural bacterial communities.
Although bacteriophages were
proposed for several applications in food safety to control the major pathogenic bacteria, (11) only few applications in Sahar Wefky Mostafa Hassan 405 seafood were reported. (12) The treatment of microbial diseases is still difficult and might involve environmental hazards. A possible method to confront this problem might be the oral administration of antimicrobial materials to the larvae through the food chain, using the immobilization technique, (13) in which the active components are covered by a layer of another material such as alginate, carrageenan and agarose. (14) Immobilization, either by covalent linkage to an insoluble matrix or by entrapment into gel of film support, could provide stability to phages as reported for enzymes and bacteriocins. (15) Immobilized phage could be particularly useful to create antimicrobial surfaces against pathogenic bacteria and was used in different applications. (16) (17) (18) (19) The aim of the present study was to estimate the counts of different groups of pathogenic bacteria such as Vibrio spp.
and Aeromonas spp., in addition to their specific phages in different sources of sea food. The work also extended to include isolation and characterization of some bacteriophages and their associated bacteria. Host-phage interaction was carried out to study the potential use of phages as ecofriendly alternatives to the chemotherapeutic agents.
MATERIALS AND METHODS
Cross section and experimental designs were followed. 
The prepared samples were diluted in sterile sea water and 0. 
using SDS-PAGE (10%). with gentle agitation at room temperature.
The gel was destained overnight using a destain solution (100 ml methanol, 70 ml acetic acid and 830 ml distilled water).
The isolated bacteria, in addition to 
Statistical analysis
Results were analyzed by numerical techniques using the simple matching coefficient (SsM) (27) and clustering was achieved by unweighted pair group average linkage (UPGMA). (28, 29) The computations were performed by using SYSTAT-PC program V7. NB. The numbers (1-10) refer to (S1-S10). Figure 4 shows that all the used primers were able to differentiate between the three phages.
RAPD-PCR results obtained using primer 2
showed a specific band of molecular size 1188 bp for APS2, which was absent completely in case of VPS1 and APS3.
RAPD results with primer 3 were also able to differentiate between the three phages. Table 2 . Host range of the isolated phages
Host bacteria
The isolated bacteriophages In the present study, ten of the isolated bacterial spp. were chosen and characterized. The general characteristics of temperature and Na Cl requirements were indicative of their marine origin as was described by Wichels et al. (34) The identified strains were previously isolated from sea food samples. (35) These included
V. parahaemolyticus, V. alginolyticus, and
A. hydrophila and also were documented as hosts for phages.
Electron microscopy was used to classify the isolates into their appropriate taxonomic position. (36) In the present study, VPS1 and APS2 assigned to order caudovirales as they have long tail and double stranded DNA. Our results were in accordance with that reported by Fattouh et al., (16) and Pereira et al., (10) VPS1 had greater molecular masses than this range. Sen and Ghosh (46) stated the same for vibriophage N5.
The current study showed that VPS1
and APS2 exhibited narrow range of host specificity, which can be explained by the fact that most of the marine phages are specific and lyse only the original host bacterium as was described. (34, 47) On the contrary, APS3 showed wide range of specificity and was able to lyse about 85% of the host bacteria which was in accordance with Moebus, (48) who suggested that the isolation of phages was easier using hosts that existed in the same environment containing the natural phage population.
In the current work, APS3 was entrapped into calcium alginate beads and its efficiency in controlling the growth rate of A. hydrophila was studied. The entrapped phage particles were better in its effect than the free phage (significant at p<0.05) which was in agreement with that reported by Fattouh et al. (16) This could be attributed to the hydrophobicity of calcium alginate beads entrapping the phage, retaining the integrity of the beads and preventing their degradation over the course of experiment and thus allowing more surface of contact between the phage and its host as was explained by Kim et al. (26) In the present study, the efficiency of the entrapped phage particles in reducing the growth rate of A. hydrophila was better than the free phage only at the first cycle and decreased upon reuse. The same was reported by Flood and Ashbolt, (49) which was inconsistent with that reported by Fattouh et al., (16) who recorded the phage activity for six successive cycles.
CONCLUSIONS
Bacteriophages are potential candidates as therapeutic agents. APS3 showed wide range of host specificity to the associated bacteria in the tested sea food samples and could be promising antibacterial agents against the pathogenic bacteria.
RECOMMENDATION
Further investigations should be undertaken for studying the possible applications of the isolated bacteriophages in aquaculture systems.
